D3(2317) and ^^(2457) from HQET Sum Rules 
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Within the framework of the heavy quark effective theory, QCD sum rules are used to calculate 
the masses of p-wave cs states. The results for 0^ and 1^ states with the angular momentum of the 
light component ji = 1/2 are consistent with the experimental values for Ds(2317) and _Ds(2457), 
respectively. 
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I. INTRODUCTION 

By the end of April, 2003, BaBar Collaboration an- 
nounced the discovery of a Dg resonance state, Z3s (2317) 
with a narrow width T]. Its mass is surprisingly small 
compared to quark model expectations. Lately CLEO Q 
confirmed it and announced a new state Dg (2457) which 
also appears in BaBar's data. BELLE confirmed both of 
the above results 

The quantum numbers and decay modes of these two 
states are given in the following table. 

The experimental discovery of these two states has 
drawn a lot of theoretical attentions. The narrowness of 
these states is understood as follows. Their low masses 
forbid them to decay to D''*^K. For Ds{2317) the next 
possible decay mode DgT] can not open either. But the 
decay mode DsTt^ is viable due to the small mixing be- 
tween rj and 7r° through isospin-violation. The key point 
is to understand their low masses. Previously quark mod- 
els estimated the 0''' state to be over 100 MeV higher 
than Ds{2317) Q. The model using the heavy quark 
mass expansion of the relativistic Bethe-Salpeter equa- 
tion in 5] predicted a lower value 2.369 GeV of 0"*" mass 
which is still 50 MeV higher than the experimental data. 
They were interpreted as the parity conjugate states of 
the Ds(0~ mesons in the framework of chiral sym- 
metry [g. A four-quark state explanation to Z?s (2317) 
was suggested in Ref. [71]. Ref. argued that the low 
mass of Ds(2317) could arise from the mixing between 
DK continuum and the lowest scalar nonet. For other 
discussions, see e.g. Refs. 0. 

In this talk we report our calculations of the masses 
of p-wave Ds states from heavy quark effective the- 
ory (HQET) sum rules (IQ] . S-wave, non-strange heavy 
mesons have been studied with HQET sum rules, e.g. 
in and the strange ones in j^. The p-wave, non- 



TABLE I: Spin-parity numbers and decay modes 
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strange heav y m esons have been studied up to the order 
of ©(l/mg) |l3lll^ll5|. They were also analyzed in full 
QCD sum rules [iq. 



II. HQET DESCRIPTION 



Let us first describe the p-wave Dg states. There are 
four states: Dl^iO^), D;^{1+), Dsi{1+) and D*2{2+). 
These kinds of heavy mesons can be systematically 
studied by HQET (17j . In the heavy quark limit, 
toq/Aqcd ^ 00, there is heavy quark spin-flavor 
symmetry. After the redefinition of the quark field, 
P+Q{x) — exp{—imQV • x)hy{x), where P+ = 5(1+ 
the HQET Lagrangian for heavy quark is simplified to 
be 
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in this limit. The heavy quark spin symmetry implies 
that the angular momentum of the light quark system 
ji is a good quantum number. The four p-wave heavy 
mesons can be grouped into two doublets {D*q, D*i) and 
{Dsi, Dl^). ji = 1/2 for {Dto,Dt,) and ji = 3/2 for 
{Dsi, 0*2). It is important to note that although D^i 
and Dsi have same total quantum numbers, they are 
clearly separated in the heavy quark limit. Their mixing 
is at the order of 1/toc, which can be studied in HQET. 
In HQET, the meson masses are expanded as 
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where As are independent of heavy quark flavors in the 
heavy quark limit. 

To study properties of hadrons with QCD sum rules 
, the interpolating currents carrying the same quantum 
numbers in the HQET as those of the hadrons should be 
used. For the p-wave heavy mesons, we write the currents 
as follows [Tal, 
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with r denoting some 7 matrices, T is found to be 



B. Sum rules in the leading order 
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where 7^ 



(4) 

= 7^ — w'^ /) (In the rest frame of the meson, 
7f = (0,7)) and g't" = 5^"^ - w'^u". The related decay 
constant / is defined as 

{0\.P\Driv,^))^f,^, (5) 

where D** stands for the p-wave meson with polarization 
tensor ry, which is the lowest state coupling to J. We will 
give the sum rule calculations for masses of the mesons 
to the order of l/nic- 



III. QCD SUM RULES 



We found the sum rules in the leading order of the 
heavy quark expansion [lCi| . 
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for (0+, 1+) doublet. And 
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for (1+, 2+) doublet. The strange quark mass to^ is kept 
in the above calculation. It should be noted that the 
strange quark condensate has a different value from up 
or down quarks. 



The QCD sum rule ,18j is a nonperturbative method 
rooted in QCD itself. We start from the the Green func- 
tion from which the hadron mass parameter can be cal- 
culated. 



A. Green function 

For calculating the masses, the Green function is writ- 
ten as 

n(w) = i f d'^xe'''-^0\Tj\x)J{0)\0) , (6) 



with u! = 2k ■ V. It can be expressed in the hadronic 
language, 



n(c^) = 
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The calculation of 11(0;) involves perturbation part and 
condensation part. The condensates are included up to 
dimension five. The duality hypothesis is used to simu- 
late the higher states by perturbative contribution above 
some threshold coc- The sum rule is further improved by 
Borel transformation. The final sum rule is 
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C. Numerical analysis 

In the numerical analysis, we require that the high- 
order power corrections be less than 30% of the pertur- 
bation term. This condition yields the minimum value 
Tmin of the allowed Borel parameter. We also require 
that the pole term, which is equal to the sum of the 
cut-off perturbative term and the condensation terms, is 
larger than 60% of the perturbative term, which leads to 
the maximum value Tmax of the allowed T . 

We use JTis = 150 MeV for the strange quark mass. 
The values of various QCD condensates are 

-(0.8 ±0.1) * (0.24 GeYf , 
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0.038 GeV'^ 
0.8 GeV^ . 



(11) 



We use Aqcd — 375 MeV for three active flavors. 

For (0+, 1+) doublet, the allowed interval of T is de- 
termined to be 0.38 <T < 0.58 GeV, 



(0.86 ±0.10) GeV, 



(12) 



where the central value corresponds to T = 0.52 GeV and 
LJc = 2.9 GeV. For (1+, 2+) doublet, the allowed interval 
of T is 0.55 < T < 0.65 GeV, 



As(j; = ^) 



(0.83 ±0.10) GeV, 



(13) 



where the central value corresponds to T = 0.62 GeV 
and cUc = 3.0 GeV. The errors of the above results re- 
fer to the variation within the stability windows and the 
uncertainty of lOc- 
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The 1/toc corrections to D** masses come from the 
Lagrangian of that order, which is heavy quark symmetry 
breaking, 
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with the heavy quark kinetic operator JC and chromo- 
magnetic operator S being defined as 



where Cman = 



asimq) 



3//3o 



(15) 

, /3o = 11 - 2n//3. Note 



that S violates both heavy quark flavor and spin symme- 
tries. 



The l/mg correction to the meson masses is written 



as 
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where K and (iAfS are the mesonic matrix elements of 
K. and S, respectively. c?m is (3,-1) for (0+,l+) states, 
and is (5, —3) for (1+, 2+) states. 

In this work, we adopt the method of Ref. '2^1 to use 
three-point correlation functions and double Borel trans- 
formation. The TTis terms are neglected at this order. 
Therefore, the sum rules are the same as those in [T^. 
The sum rule window is taken as the same as that for the 
leading order. The mixing of the two l"*" states at this 
order, which was found to be small in is neglected. 
The numerical results of K and S are obtained as follows 
M, 
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(-1.60 ±0.30) GeV^ 
(0.28 ±0.05) GeV^ ; 
(-1.64 ±0.40) GeV^ 
(0.058 ±0.01) GeV^ . 



(17) 



E. Final results 

We present our final results in terms of the weighted 
average mass and the mass splitting of each doublet, 

i (mz,.^ + 3tod;J =m, + (0.86 ±0.10) 

+ ± [(0.40 ±0.08) GeV^], , . 



[(0.28 ±0.05) GeV^ 



i (3md +5TOI3.J = mc + (0.83 ±0.10) 



mo* 



+ — [(0.41 ±0.10) GeV^l , 
= — [(0.116 ±0.06) GeV^l 



(19) 

We obtain the value of rric ~ 1.44 GeV from the quan- 
tity in the first equation in H19() . which is well measured. 
This value is in good agreement with that fitting ground 
state charm hadrons 11, 19J. Then we predict. 



mw - TOD 1 = (0.080 ± 0.042) GeV Exp 37 MeV, 
1 

- {mDi„ + 3TOD-J = (2.57 ± 0.12) GeV Exp 2.42 GeV, 

mo- - mo- = (0.19 ± 0.04) GeV Exp 143 MeV. 

(20) 

The experimental values have been also given for com- 
parison. The consistency can be seen. And 



mD;„ = 2.42±0.13 GeV , Exp: 2.317 GeV . (21) 

The experimental values have been also given for com- 
parison. It can be seen that the results of calculations 
are consistent with the experimental data within the un- 
certainties. 



IV. SUMMARY AND DISCUSSION 

The HQET sum rules have been used to the order of 
1/toc for calculating p-wave meson masses. Within 
uncertainties of QCD sum rules, our results for (0+, 1+) 
states are consistent with experimental data for Ds(2317) 
and Ds(2457). But the result for the central value of the 
mass D^Q meson is still 100 MeV higher than Ds{2317). 
The stability of the sum rules obtained is not as good 
as that for the ground states. So the predictions for the 
masses have large uncertainties, which are estimated as 
the errors given. We would like to emphasize that the 
result for the mass splitting between these two states 
agrees with the experimental value within relatively small 
uncertainty and this result is not sensitive to the window 
taken for the sum rule for I](j/ = |) . 

Finally in the same way, we have also calculated the 
non-strange p-wave D meson masses The results 

are consistent with experimental data within theoretical 
uncertainties. 

The repulsion between the 15s (0+), -Ds(l+) states and 
the DK and DK* continuum may help to lower their 
masses. In the framework of the sum rule this effect 
should come from the contribution from the DK and 
DK* continuum to the dispersion integral. 
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